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Researcher:
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Title:
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172SP Flight Instructors

Institution:
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Degree:
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The purpose of this thesis was to study the temporary threshold shift of general aviation
flight instructors resulting from their working environment. Exposure to noise before a
temporary threshold shift completely recovers can cause a permanent threshold shift with
no possibility of recovery, resulting in permanent hearing loss. A result showing minimal
to no temporary threshold shift would indicate that hearing personal protective equipment
is working properly. This study used sound-level measurements, and audiometric testing,
together with survey data to determine whether or not flight instructors were at risk for
potential hearing impairment due to temporary threshold shift. Independent t-tests and
descriptive statistics were used in analyzing the data. It was determined that there was a
difference in temporary threshold shift based on the number of hours a flight instructor
flies in a Cessna 172SP for only one frequency - 2000Hz in the left ear. All other
frequencies tested in both ears showed no difference. Because there was a very low mean
temporary threshold shift at 2000Hz in the left ear and no differences shown for all other
frequencies in both ears, it was concluded that there was no need to improve or require
additional hearing personal protective equipment, or to require decreased exposure times
to aircraft noise.
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Chapter I
Introduction
The impact of noise and sound on aviation personnel has often been a major
concern within the aviation industry. Noise is produced by aircraft equipment,
powerplants, transmission systems, jet efflux, propellers, rotors, hydraulic and electrical
actuators, cabin conditioning and pressurization systems, cockpit advisory and alert
systems, and communications equipment (Antuñano & Spanyers, 1998).
In aviation and other loud environments, the proper use of hearing protection is
vital to maintain healthy hearing. Exposure to loud noises in aviation is a common
occurrence and will continue to negatively affect humans until the harmful effects of
noise can be abolished. According to Qiang, Rebok, Baker, and Li (2008), long-term
exposure to multiple risk factors in aviation may place pilots at excess risk for developing
hearing deficits.
Noise levels can be measured using a sound level meter (SLM) or a noise
dosimeter. Both the SLM and the dosimeter have the ability to weigh noise samples in
either the dB sound pressure level (dB-SPL) scale or the A-weighted sound measurement
(dBA) scale (Smith, 2007). According to Smith, the dB-SPL scale is often used in
determining dB ratings by calculating the average intensity over at least one period of the
lowest frequency contained in the sound. The dB-SPL is the measure of the ratio of the
pressure of a sound wave relative to a reference sound pressure (Centers for Disease
Control and Prevention [CDCP], 1996a). The dBA scale is a frequency weighting filter
that approximates the ear’s response to moderate level sounds and is commonly used in
measuring noise to evaluate its effect on humans (CDCP, 1996b). The CDCP (1996b)
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recommends that response for sound-level meters and noise dosimeters be set at SLOW
when taking noise samples. The SLOW response corresponds to a 1 per second time
constant, often allowing for less fluctuation in measurements (CDCP, 1996b).
Significance of the Study
Table 1 shows data gathered from Antuñano and Spanyers (1998) indicating an
average dB-SPL rating in various aviation related environments and other environments
of interest.

Table 1
Average dB Ratings
Sources
Level (dB-SPL)
Whispered Voice
20-30
Average Male Conversation
60-65
Jet Transports (Cabin)
60-88
Small Single Plane (Cockpit)
70-90
Single Rotor Helicopter (Cockpit)
80-102
Rock Concert
115-120
Jet Engine
130-160
Note. Adapted from “Hearing and Noise in Aviation” by M. Antuñano and J. Spanyers,
1998.

Table 1 shows that the aviation environment contains multiple sources of loud
noises and that the proper use of personal protective equipment is often necessary.
Types of noise. Humans who work around aircraft in their daily lives are
consistently exposed to different types of noise that can affect their permanent and
temporary hearing. Steady noise exposure is very common in aviation. Steady noise
exposure is defined as “continuous noise of sudden or gradual onset and long duration
(more than one second)” (Antuñano & Spanyers, 1998, p. 2). Some examples include
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noise from aircraft powerplants, propellers, and aircraft pressurization systems.
According to the Occupational Safety and Health Administration’s (OSHA) guidelines,
the maximum permissible continuous exposure level to steady noise in a working
environment is 90 dB for 8 hours (Antuñano & Spanyers, 1998). Table 2 displays the
OSHA regulations regarding permissible exposure levels.

Table 2
OSHA’s Permissible Noise Exposure
Level dBA Time (hrs)
90
8.0
92
6.0
95
4.0
97
3.0
100
2.0
102
1.5
105
1.0
110
0.5
115
0.25
Note. Adapted from United States Department of Labor, Occupational Safety and Health
Administration, 29 CFR 1910.95, 1998.

Impulse/blast noise exposure is defined as, “Noise pulses of sudden onset and
brief duration (less that 1 second) that usually exceed an intensity of 140 dB,” (Antuñano
& Spanyers, 1998, p. 2). Some examples include firing a gun, detonating a firecracker,
backfiring of a piston engine, high-volume squelching of radio equipment, and a sonic
boom caused by breaking the sound barrier. The eardrum can be easily ruptured by
intense levels (140 dB) of impulse/blast noise (Antuñano & Spanyers, 1998). This type
of noise exposure is not typical in the aviation environment but is certainly not
uncommon.
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Effects of noise exposure. Ear discomfort may occur during exposure to a 120
dB noise. Ear pain may occur during exposure to a 130 dB noise. Eardrum rupture may
occur during exposure to a 140 dB noise (Antuñano & Spanyers, 1998).
Temporary hearing impairment is caused by an unprotected exposure to a loud,
steady noise over 90 dB for a short time. This effect is usually temporary and hearing
returns to normal within several hours following cessation of the noise exposure
(Antuñano & Spanyers, 1998). Permanent hearing impairment is caused by an
unprotected exposure to a loud noise (higher that 90 dB) for eight or more hours per day
for several years and may cause a permanent hearing loss. Permanent hearing
impairments occur initially in the vicinity of 4,000 Hz (outside the conversational range)
and can go unnoticed by the individual for some time. It is also important to remember
that hearing sensitivity normally decreases as a function of age at frequencies from 1,000
to 6,000 Hz, beginning around age 30 (Antuñano & Spanyers, 1998).
According to Qiang, Rebok, Baker, and Li (2008), hearing deficit is prevalent
among commuter air carrier and air taxi pilots and the risk of hearing deficit increases
drastically with age. It is also noted in a study by Raynal, Kossowski and Job (2006),
that abnormal hearing was higher in older pilots than younger pilots. In the study, it was
not considered surprising that older pilots demonstrated to be at a greater risk for hearing
loss compared to younger pilots, since they had been exposed to noise for a longer time.
Loud noise can cause distraction, fatigue, irritability, startle responses, sudden
awakening, poor sleep quality, loss of appetite, headache, vertigo, nausea, and impaired
concentration and memory (Antuñano & Spanyers, 1998). Loud noises can interfere with
or mask normal speech, making it difficult to understand. Noise can also increase the
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number of errors in any given task. Tasks in which one is required to be vigilant
including requiring high levels of concentration, performing complex calculations, and
making judgments about time can be negatively affected by exposure to noise greater
than 90 dB (Antuñano & Spanyers, 1998).
According to Morata and Dunn (1995), repeated exposure to sounds over 85 dB
will progressively deteriorate the cochlea in the ear and will cause major damage to
nearly every part of the inner ear. The ear was not designed for continuous exposure to
loud environments.
Personal protective equipment. Since aviation is a noisy environment, the
proper use of personal protective equipment to protect the ears from damage is a must. In
a study by Paakkonen and Lehtomaki (2005), where the protection efficiency of molded
earplugs vs. ear muffs was evaluated, it was found that ear muffs were more effective in
providing proper hearing protection than earplugs. It was also mentioned that noise
cancelling typically provides significant noise reduction in only the 500-1000 Hz range.
Statement of the Problem
Lamm and Lawrence (2007) confirmed that general aviation pilots (Cessna 172S
and Piper Seminole) were exposed to sound levels higher that OSHA standards and that
hearing protection must always be worn during aircraft operation. According to Wu, Liu,
Wang, and Wang (1989), Temporary Threshold Shift (TTS) is a noise-induced hearing
loss that can return to standard or base level after leaving a noise source for a certain
period of time. Permanent Threshold Shift (PTS) occurs when there is no possibility of
recovery from a TTS and will result in permanent hearing loss (Wu et al., 1989). Parker
(1972) discovered that there was a significant average threshold shift of Piper Apache
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pilots during a six-hour flight at frequencies of 500 and 6000 Hz. Exposure to noise
before a TTS completely recovers can cause a PTS with no possibility of recovery, which
will result in permanent hearing loss (Wu et al., 1989). General aviation flight instructors
are often exposed to the hazard of high cockpit sound levels multiple times a day because
of the vast number of flight students requiring flight training.
Purpose Statement
The purpose of this study was to examine TTS caused by noise exposure from
flight activities of Cessna 172SP flight instructors in comparison to flight duration.
Research Questions and Hypothesis
Research Question #1: How often do Cessna 172SP flight instructors experience
symptoms of tinnitus (ringing in the ears)?
Research Question #2: How long must one be in a Cessna 172SP aircraft before
there is a significant TTS in one typical flight training event?
Research Question #3: At what frequencies do Cessna 172SP flight instructors
experience a significant TTS?
Hypothesis: There is a difference in TTS based on the number of hours a flight
instructor flies in a Cessna 172SP in one typical flight training event.
Delimitations
This study tested for TTS as a result of cockpit noise of a small population of
certificated flight instructors employed at Embry-Riddle Aeronautical University in
Daytona Beach, Florida. The researcher studied flight instructors because of their
constant exposure to cockpit noise on a near daily reoccurring basis. The researcher
tested 50 flight instructors with the intention of removing any outliers from the study in
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order to ensure accurate statistical outcomes. There were multiple Cessna 172SP’s used
in the study. All of the Cessna 172SP’s are of the same make and model but have
varying amounts of engine runtime and wear. Because of this, the aircraft noise
experienced by flight instructors could have varied slightly among each participant. The
study also used three identical headsets, one of which was given to each participant to
wear during a flight activity. Though these headsets were an identical make and model,
the noise-reduction performance of each headset may have varied slightly because of
wear from previous uses. The headsets also fit differently on each participant and they
were free to wear hats, eyeglasses or sunglasses while wearing the headset. Participants
also had full control of radio volume. Each of these delimitations may have led to a
slight variance in noise-reduction performance among participants. During the flight,
flight instructors wore their headset without assistance or monitoring by the researcher.
Limitations and Assumptions
In this study, there was no way to control or monitor participant’s noise exposure
prior to their first flight of the day. Some participants flew their first flight of the day in
the morning while others flew in the afternoon or evening. The participants fly many
aircraft and are not limited to flying only the Cessna 172SP. The participants have
varying total time in the Cessna 172SP, and have varying experience flight instructing.
The time in which it took each participant to begin the post-flight audiometric test after
shutting down the aircraft (gap time) varied between 2 and 29 minutes. The mean gap
time was 8.17 minutes and the median gap time was 5 minutes.
The audiometric test is subjective and requires contribution by the participant.
The headset fit and levels of background noise outside of the sound-controlled booth
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varied slightly for each participant and may have slightly altered audiometric test results.
The learning effect, and the participant’s ability to predict when they will be presented
with the next set of pure tones may also have slightly altered the audiometric test results.
The study’s test results do not represent all flight instructors employed at Embry-Riddle
Aeronautical University, nor do they represent all flight instructors.
Definitions of Terms
Audiogram

A chart of hearing sensitivity with frequency charted on the
abscissa and intensity on the ordinate (Kutz, 2010).

Audiometer

An instrument that measures and characterizes hearing loss by
determining an individual’s hearing threshold (the lowest audible
sound to which the individual will respond 50% of the time) for
pure tones and speech and then comparing that threshold with a
standard range of normal threshold values (Healthcare Product
Comparison System [HPCS], 2002).

dB

Decibel. The unit used to express the intensity of sound. The
decibel scale is a logarithmic scale in which 0 dB approximates the
threshold of hearing in the mid-frequencies for young adults and in
which the threshold of discomfort is between 85 and 95 dB SPL
and the threshold for pain is between 120 and 140 dB SPL (CDCP,
1996a).
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dBA

A-Weighted Noise Measurement. A frequency weighting filter that
approximates the ear’s response to moderate-level sounds and is
commonly used in measuring noise to evaluate its effect on
humans (CDCP, 1996b).

dB-HL

dB Hearing Level. A decibel scale used to form a comparison of a
subject’s hearing level with the accepted norm (The British
Association of Teachers of the Deaf, 2009).

dB-SPL

dB Sound Pressure Level. A measure of the ratio of the pressure of
a sound wave relative to a reference sound pressure (CDCP,
1996a).

Dosimeter

An instrument that measures sound levels over a specified interval,
stores the measures, and calculates the sound as a function of
sound level and sound duration (CDCP, 1996a).

DP-OAE

Distortion-Product Otoacoustic Emission. Produced by the cochlea
as an intermodulation product when the ear is presented with two
simultaneous pure tones. When the ears are affected by noise, DPOAE’s decrease in amplitude or disappear (Zhang, Zhang, Zhu,
Zheng & Deng, 2004).

Hz

Hertz. The unit of measurement for audio frequencies (NIOSH,
1996a).

Noise

Any unwanted sound (CDCP, 1996a).
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NIHL

Noise-induced Hearing Loss. Caused by a one-time exposure to an
intense “impulse” sound, such as an explosion, or by continuous
exposure to loud sounds over an extended period of time (National
Institutes of Heath, 2008).

NIPTS

Noise-Induced Permanent Threshold Shift. A Permanent Threshold
Shift that can be attributed to noise exposure (CDCP, 1996a).

Presbycusis

The gradual increase in hearing loss that is attributable to the
effects of aging, and not related to medical causes or noise
exposure (CDCP, 1996a).

PTS

Permanent Threshold Shift. Occurs when there is no possibility of
recovery from a TTS and will result in permanent hearing loss (Wu
et al., 1989).

SLM

Sound Level Meter. A device that measures sound and provides a
readout of the resulting measurement (CDCP, 1996a).

Tinnitus

The subjective perception of sound by an individual, in the absence
of external sounds. Sometimes referred to as head noise or ringing
in the ears (American Academy of Otolaryngology, 2010).

TTS

Temporary Threshold Shift. Noise Induced Hearing Loss that can
return to standard or base level after leaving the noise source for a
certain period of time (Wu et al., 1989).
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TWA

Time-Weighted Average. A value, expressed in dBA, which is
computed so that the resulting average would be equivalent to an
exposure resulting from a constant noise level over an 8-hour
period (CDCP, 1996a).

List of Acronyms
ASLHA

American Speech-Language-Hearing Association

CDCP

Centers for Disease Control and Prevention

CAOHC

Council for Accreditation in Occupational Hearing Conservation

dB

Decibel

dBA

A-Weighted Noise Measurement

dB-HL

dB Hearing Level

dB-SPL

dB Sound Pressure Level

DP-OAE

Distortion Product Otocoustic Emission

FAA

Federal Aviation Administration

GA

General Aviation

HPCS

Healthcare Product Comparison System

Hz

Hertz

NASA

National Aeronautics and Space Administration

NIHL

Noise-Induced Hearing Loss

NIOSH

National Institute for Occupational Safety and Health

NIPTS

Noise-Induced Permanent Threshold Shift

OSHA

Occupational Safety and Health Administration

PTS

Permanent Threshold Shift
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SLM

Sound Level Meter

SPSS

Statistical Package for the Social Sciences

TTS

Temporary Threshold Shift

TWA

Time-Weighted Average
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Chapter II
Review of the Relevant Literature
Hearing Loss Overview
Hearing loss can result from lesions anywhere along the auditory tract (HPCS,
2002). According to the American Speech-Language-Hearing Association [ASLHA]
(n.d.a), there are three basic types of hearing loss: Conductive Hearing Loss,
Sensorineural Hearing Loss, and Mixed Hearing Loss (ASLHA, n.d.a).
Conductive hearing loss. Conductive hearing loss occurs in the outer and/or
middle ear. Conductive hearing loss may be caused by obstruction of the outer ear canal,
neoplasms, congenital malformation, perforated tympanic membrane, disruption or
fixation of the ossicles (bones of the middle ear), and fluid and scarring in the middle ear
(HPCS, 2002). Conductive hearing losses can often be treated with medicines (H. J.
Greenberg, Ph.D, personal communication, December 15, 2011).
Sensorineural hearing loss. Sensorineural hearing loss affects the inner ear or
auditory nerves. Sensorineural hearing loss can be caused by congenital malformation,
head trauma, exposure to intense noise, drug induced toxicity, genetic factors, aging,
infectious diseases, and neural tumors (HPCS, 2002). Most of the time, sensorineural
hearing loss cannot be medically or surgically corrected (ASLHA, n.d.b).
Mixed hearing loss. Mixed hearing loss is present when a conductive hearing
loss occurs in combination with a sensorineural hearing loss. When this occurs, there
may be damage in the outer or middle ear and in the inner ear or auditory nerve (ASLHA,
n.d.a).
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Presbycusis. Presbycusis begins in adolescence but doesn’t become noticeable
until years later and is consistent with the aging process (National Center for
Biotechnology Information, 2011). Presbycusis is the slow loss of hearing that occurs, as
people get older (H. J. Greenberg, Ph.D, personal communication, December 15, 2011).
Hearing Loss and Impaired Speech
Van Deelen and Blom (1990) performed about 6,000 aviation medical
examinations a year in the Netherlands. Audiometric testing was considered routine
during each of these examinations. Hearing loss was found in approximately 5% of the
patients. These pilots generally had a cochlear hearing loss caused by a chronic noisetrauma and/or presbycusis (Ribak et al., 1985). A loss of speech-intelligibility in a noisy
environment is consistent with this type of hearing loss (Smoorenburg, de Laat, & Plomp,
1982).
Van Deelen and Blom (1990) evaluated 32 civilian airline pilots and placed them
into two groups based upon their hearing levels. Both ears were tested separately and
resulted in no statistical difference between the data for the right ear compared to the left
ear. Both groups performed well in the study and it was found that hearing loss does not
have a direct effect on speech impairment (Van Deelen & Blom, 1990).
Permanent Hearing Loss and Tinnitus
Navarrera-Medina, Sanchez, and Prieto-Suarez (2008) evaluated epidemiological
hearing loss in Colombian Air Force pilots in order to identify the variables that were
involved in the development of Noise-Induced Hearing Loss (NIHL). Over 300 pilots
were surveyed, given audiometric tests, and an otolaryngologic examination. It was
shown that knowledge of occupational hearing loss programs reduced the risk of hearing
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loss in 11% of the pilots. The most important symptoms discovered from the survey
included the need to repeat and increase the volume of communications, tinnitus, and
misbalance. There was a strong correlation between NIHL, flight hours, and age. NIHL
was more common in helicopter pilots. No statistically significant correlations were
found relative to the use of headphones, attendance at concerts, or motor sports
(Navarrera-Medina et al., 2008).
A study was conducted by Zhang et al. (2004) which investigated whether
Distortion Product-Otoacoustic Emissions (DP-OAE’s) are a sensitive indicator of
hearing loss in pilots. DP-OAE’s are produced by the cochlea as an intermodulation
product when the ear is presented with two simultaneous pure tones. When the ears are
affected by noise, DP-OAE’s decrease in amplitude or disappear. Over 100 pilots were
studied and were given various audiological testing. The pilots were divided into groups
based on their flying time and age, matched against the control subjects. The results
showed the DP-OAE’s were significantly different among the three pilot groups
decreasing gradually at 8 frequencies with flight time (Zhang et al., 2004).
In the Zhang et al. (2004) study, the youngest pilots exhibited normal thresholds.
The mean threshold was slightly elevated at 600 and 8,000 Hz. DP-OAE’s were
significantly lower in the middle and oldest age groups in comparison to the youngest age
group. The results showed that pilot DP-OAE’s and audiometric levels changed as flying
hours increased without any significance on age-matched control groups. Effects are
seen in younger pilots at high frequencies and in older pilots at middle and low
frequencies; however, there was no direct effect of DP-OAE’s on pilot age. Excluding
pilot age, DP-OAE’s decreased gradually with flight time. It was concluded in the study
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that pilot exposure to steady noise affects the movement of the outer hair cells and
damages hearing sensitivity, even when hearing thresholds may be normal. Steady noise
first damages high frequency hearing, then progresses on to middle and low frequency
hearing (Zhang et al., 2004).
Frequent or constant tinnitus can be a problem for pilots because it can be
distracting and/or interfere with communications in the cockpit. In Lindgren,
Wieslander, Nordquist, Dammstrom, and Norback’s (2009) study of 450 Swedish pilots,
40% had experienced tinnitus for more than 5 minutes during the past year. Of these
pilots, 18% reported constant or severe tinnitus and 12% had seen a doctor regarding
their condition. There was a correlation between tinnitus and pilot age, impulse noise,
and hearing impairment at 3000, 4000, and 6000 Hz. Pilots often reported that they were
disturbed by noise in the cockpit. There was also a significant relationship discovered
between frequency of tinnitus and age. The relationship between annoyance due to
cockpit noise and young age was evident. Therefore, from the data, it can be determined
that there may be a correlation between tinnitus and over-exposure to cockpit noise
(Lindgren et al., 2009).
Temporary Threshold Shift in Aviation
The NIHL that can return to standard or base level after leaving the noise source
for a certain period of time is called the TTS. In the Wu et al. (1989) study, there were
20 test subjects aged 18-22. Their base levels of hearing were tested prior to exposure to
fighter aircraft noise which they were exposed to for 5 minutes. Subjects were instructed
to perform an exterior preflight during ground run-up as they would for a normal flight.
Hearing protection was not utilized. The subjects’ hearing was tested after 5 minutes, 30
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minutes, one hour after exposure, and the next morning. The highest dB reading during
the experiment was recorded at 117-128 dB in close proximity to the engine hatch. Ear
damage typically starts to occur at 75 dB. The noise was much more intense at middle
and high frequencies in comparison to low frequencies (Wu et al., 1989). Figure 1
indicates the mean dB level of the fighter aircraft at different frequencies. It is shown
through Figure 1 that all of the measurements exceeded OSHA standards. Figure 2
shows the TTS at different frequencies at different times after exposure to the noise of the
fighter jet. TTS recovery time can be determined as well (Wu et al., 1989).

Figure 1. The noise frequency spectrum at the engine hatch during rated-speed phase.
Note. Adapted from Wu, Liu, Wang, & Wang, (1989).
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Figure 2. The changes of hearing level after exposure. Note. Adapted from Wu, Liu,
Wang, & Wang, (1989).

In the Wu et al. (1989) study, the recovery from TTS in test subjects was much
faster in the low speech frequency range (500, 1000, 2000 Hz) than the high frequency
range. The low frequencies recovered approximately 30 minutes after exposure to sound
from the aircraft. The frequencies higher than 3000 Hz did not recover until 1 hour later.
It was mentioned that, if one was exposed again to the noise before TTS completely
recovers, it could cause a permanent threshold shift with no recovery. There is certainly
a potential danger for persons operating in the vicinity of an aircraft if hearing protection
equipment is not worn properly (Wu et al., 1989).
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According to the National Aeronautics and Space Administration [NASA] (1984),
the auditory fatigue that is carried over from the end of one workday period to the next
day is an important aspect of the growth of Noise Induced Permanent Threshold Shift
(NIPTS). If the period away from the noise is extended, additional time for recovery of
the auditory system will be gained resulting in a quicker recovery from TTS. In order to
recover from TTS, the rate of recovery from auditory fatigue must be greater than that of
the escalation of NIPTS (NASA, 1984). Figure 3 shows the recovery of TTS over an
individual’s day at work.

Figure 3. Evolution of mean hearing thresholds throughout the workday. Note. Adapted
from the National Aeronautics and Space Administration, 1984.

According to Thomas, Williams, and Hoger (1981), one of the biggest difficulties
when researching NIHL is that often the only way to determine if one is susceptible to a
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NIPTS is if he or she presently has an NIPTS. There is often discrepancy when
describing whether or not TTS is a pre-determinant of PTS. According to NASA (1984),
a noise that causes a 5 dB TTS in a young, normal ear after 8 hours of exposure will
cause the same amount of NIPTS after about 10 years of near daily exposure. This study
shows that there is a correlation between TTS and NIPTS (NASA, 1984).
According to Beringer and Harris (2005), the Voyager, which flew non-stop
around the world in record-setting times resulted in permanent pilot hearing impairment
from the failure of a noise-canceling system. Since the Voyager was a piston-powered
aircraft, this suggested that noise is a major concern for people who are a part of the
General Aviation (GA) community (Beringer & Harris, 2005).
Beringer and Harris (2005) performed an extensive study where the noise levels
of 15 single-engine and 11 light twin-engine GA aircraft were examined. Engine sounds
and exhaust resonance produced the majority of the noise in the 50 to 250 Hz range. In
the study, there were multiple frequencies that displayed peak dB’s over the OSHA 2hour and 8-hour limits (Beringer & Harris, 2005).
During the Beringer and Harris (2005) study, while referencing the average
threshold curve, no difference between pilots and non-pilots was shown until age group
43-47. The sample also showed a large proportion of private pilots with significant
localized shifts in hearing thresholds. They found that there is little evidence of
impairment in the lower frequencies (50 and 250 Hz). This may be due to the fact that
the lowest test frequency was constant at 500 Hz. The study concluded that the use of
pure-tone warnings must take into account the high-frequency loss that appears to be
existent by exposure to the GA cockpit environment. Figure 4 indicates the TTS of pilot
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hearing based on age. Notice the significantly high threshold shift at higher frequencies.
A chart for the pilot’s left ear is not shown because the data were not significantly
different from the data for the right ear (Beringer & Harris, 2005).

Figure 4. Mean pilot right-ear hearing-threshold shifts by age group and frequency.
Note. Adapted from Beringer & Harris, 2005.

In a study by Parker (1972), where the hearing loss of Piper Apache pilots was
evaluated, it was discovered that there was a significant average threshold shift during a 6
hour flight at frequencies of 500 and 6,000 Hz. A large shift was seen at all frequencies
except 3,000 Hz. A large shift was found at 3,000 Hz after a 4 hour flight. In the study,
Parker compared the interior aircraft dB levels to the test subjects’ TTS at different flight
times. There were a total of 6 test subjects in the study who were exposed to in-flight
noise for 2 hours, 4 hours, and 6 hours. The analysis revealed that the noise environment
in the Piper Apache was capable of producing hearing threshold shifts. It was very
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evident that a 6 hour flight produced a greater TTS than that of a 2 hour or 4 hour flight.
Extensive variability was found in the results among subjects and in the measured loss at
discrete frequencies for each subject. The principal loss of hearing found in this study
occurred at the low frequencies. There was also a high loss of hearing in the higher
frequencies, resulting in a U-shaped curve (Parker, 1972).
Tobias (1972) studied various personnel who worked in the aviation industry and
evaluated their hearing for a TTS. It was discovered that flight instructors, commercial
pilots, agriculture pilots, and FAA flight inspectors all experienced some degree of
threshold shift attributable to noise exposure. The TTS of flight instructors and
commercial pilots was found to be very significant and ranged from 25-60 dB in 85% of
the cases studied. It was shown to be evident that flight instructors and commercial pilots
experienced a large TTS in comparison to the control group (Tobias, 1972).
Temporary threshold shift tests. Audiometers measure and characterize hearing
loss by determining the lowest audible sound to which the individual will respond 50% of
the time for pure tones and speech and then comparing that threshold with a standard
range of normal threshold values (HPCS, 2002). These normal audiometric threshold
values represent the mean lowest level at which a group of young adults can detect a
selected sound. The test requires a fixed number of positive responses to stimuli
presented in sequences of increasing intensity (HPCS, 2002).
According to the British Association of Teachers of the Deaf (2009), the results
recorded from audiometers are in the dB hearing level (dB-HL) scale. The dB-HL is a
decibel scale used to form a comparison of a subject’s hearing level with the accepted
norm. The scale runs from -10 dB-HL at the top to 140 dB-HL at the bottom. A norm of
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threshold sensitivity at each frequency is established and is indicated by 0 dB-HL and
represents the threshold of detectability of each frequency for a normally hearing
population, but the zero reference level varies with frequency (The British Association of
Teachers of the Deaf, 2009).
The audiometer works by automatically presenting a pure tone stimulus in
discrete five dB steps at random intervals of 2 to 4 seconds (Diagnostic Group LLC,
1973). The stimulus consists of three 0.2 second pulses with a 0.2 second interval
between each pulse. The hearing level ranges from 0-95 dB, and the frequency ranges
from 500 Hz to 8000 Hz. The subject responds by pushing a hand-held switch each time
the stimulus is heard through the participant’s headset. Once the test is completed, the
tests results are printed out (Diagnostic Group LLC, 1973). See Figure 5.
The difference between test results before exposure to noise and right after
exposure will make any temporary threshold shifts apparent (H. J. Greenberg, Ph.D,
personal communication, December 15, 2011).

24

Figure 5. Audiometric test printout. Note. Adapted from Diagnostic Group LLC, 1973.

Aircraft Interior Sound Levels
Unruh and Till (2002) performed a study with a Cessna 182E to measure interior
noise from various locations inside a single-engine aircraft. The noise originated from
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engine/propeller vibration, propeller transmission, engine exhaust noise, and engine case
radiation. The test was performed at 75% power cruise at a fixed engine speed of 2,400
rpm for all tests. Limited ground testing was performed under the same measurements.
Table 3 shows the placement of all the microphones in the aircraft.

Table 3
Instrumentation Layout and Channel Assignment
Channel
Type-Nomenclature
Description
1
Accelerometer - EC2
Engine lateral vibration
2
Accelerometer – EC12
Firewall normal acceleration – mid center
3
Microphone – EC14
Firewall sound pressure level - upper center
4
Microphone – AC1
Mic above pilot's control column
5
Microphone – AC2
Mic above copilot's control column
6
Microphone – AC3
Mic near right rear seat passenger's head
7
Microphone – AC4
Mic near left rear seat passenger's head
8
Microphone – AC20
Mic between pilot and co-pilot ear height
9
Microphone – AC21
Mic behind pilot's head
10
Microphone – AC22
Mic behind co-pilot's head
11
Accelerometer - CB1
On center of aft cabin bulkhead
12
Accelerometer - AC5
Instrument panel right side
13
Accelerometer - AC7
Windshield right side
14
Accelerometer - AC9
Pilot's side window center
15
Accelerometer – AC11
Right rear passenger's window center
16
Microphone – TC1
Mic in A/C tail cone
Note. Adapted from “General Aviation Interior Noise: Part II- In-flight
source/verification” by Unruh and Till, 2002.

Figure 6 shows the spectrum of the seven interior microphones recorded during
the flight test. As previously mentioned, the aircraft ran constantly at 2,400 rpm at a 75%
power cruise setting.
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Figure 6. Interior microphone spectra: Baseline aircraft @ 2,400 rpm 75% power cruise.
Note. Adapted from Unruh and Till, 2002.

Table 4 shows the response of each microphone during the first flight test. The
test results show the un-weighted levels above OSHA standards and the A-weighted
levels at OSHA standards.

Table 4
Interior Microphone Levels: Baseline Aircraft @ 2,400 rpm 75% Power Cruise
Microphone Un-Weighted
A-Weighted
AC1
107.2
93.0
AC2
105.4
92.6
AC3
108.4
89.3
AC4
109.7
91.0
AC20
107.4
90.1
AC21
107.8
90.5
AC22
107.1
89.7
Note. Adapted from “General Aviation Interior Noise: Part II- In-flight
source/verification” by Unruh and Till, 2002.
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Lamm and Lawrence (2007) completed a similar evaluation and measured the
interior sound levels of a Cessna 172S and a Piper Seminole (PA44). These aircraft were
used for training purposes. A flight instructor may conduct up to five training flights in
one day, allowing for extreme exposure to sound, as stated in the Lamm and Lawrence
research. The study also included a comparison of how front-mounted engine aircraft
sound levels differ from twin-engine aircraft where the engines are mounted away from
the cabin. The cabin microphone was placed in the cabin seating area approximately six
inches behind the pilot’s and co-pilot’s ears. A microphone was also placed within a
headset to obtain a separate reading. Readings were taken for both high and low power
settings (Lamm & Lawrence, 2007). Sampling results for the aircraft are shown in Table
5.

Table 5
General Aviation Cockpit dB Levels
TWA
(dBA)
Max (dBA)
Cessna 172S Low Power (Headset)
52.2 / 61.8
88.3 / 89.9
Cessna 172S Low Power (Cabin)
70.9 / 68.9 100.8 / 110.9
Cessna 172S High Power (Headset)
48.3 / 59.5
86.9 / 89.4
Cessna 172S High Power (Cabin)
74.2 / 72.7
97.7 / 96.4
Piper Seminole PA-44 Low Power (Headset) 58.9 / 55.4
90.0 / 92.3
Piper Seminole PA-44 Low Power (Cabin)
69.0 / 67.6
97.6 / 98.4
Piper Seminole PA-44 High Power (Headset) 77.4 / 56.5
94.1 / 88.8
Piper Seminole PA-44 High Power (Cabin)
82.4 / 75.6 112.4 / 96.2
Note. Adapted from Interior Sound Levels in General Aviation Aircraft by Lamm and
Lawrence, 2007.

The microphone readings from the headset confirmed that there was a significant
drop in the dBA level when using the headset (Lamm & Lawrence, 2007). This brought
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the values below OSHA limitations. It was confirmed by this experiment that pilots are
exposed to sound levels higher that OSHA standards and that hearing protection must
always be worn (Lamm & Lawrence, 2007).
Aircraft interior sound level tests. The purpose of noise dosimetry is to measure
sound and protect hearing. Using a dosimeter, one can monitor sound levels without
recording them and store them for later evaluation. This storing of data is known as data
logging. With the use of an attached microphone, one can accumulate dosimetry
information or perform area monitoring. Using the noise dosimeter for area monitoring is
equivalent to putting it to work as a sound level meter. A microphone to be mounted on
the individual’s shoulder is best for monitoring personal noise exposure (Quest
Technologies, Inc, 2005).
Sound level measurements. These measurements are basic sound level
measurements taken with a SLM or a dosimeter at various frequencies and do not take
into account how long people are exposed to them (H. J. Greenberg, Ph.D, personal
communication, December 15, 2011).
Time-weighted average. The time-weighted average represents a constant sound
level lasting 8 hours that would result in the equivalent sound energy as the noise that
was sampled. Time-weighted average always averages the sampled sound over an 8-hour
period. This average starts at zero and grows (Quest Technologies, Inc, 2005).
When calculating a time-weighted average, units that occur more often are given
more weight (H. J. Greenberg, Ph.D, personal communication, December 15, 2011).

29
Embry-Riddle Aeronautical University Flight Department
Embry-Riddle’s flight department operates seven days a week, 50 weeks a year
and only shuts down during the Fall/Spring semester breaks. Normal hours of operation
are 6:00 a.m. to Midnight. With more than 900 flight students and 120+ flight instructors,
Embry-Riddle is the largest aviation training center in Central Florida (Embry-Riddle
Aeronautical University, n.d.).
Embry-Riddle flight instructors fly an average of 2-3 flights a day during the
standard academic year. Because of the large number of flight students, flight instructors
may even be required to fly up to 5 flights a day. During the summer terms, flight
instructors will average 3-4 flights a day (J. K. Holliman, personal communication,
January 30, 2012).
Summary
Exposure to excess noise can significantly impact the hearing of humans.
Sensorineural hearing loss is often noise induced and may come as a result of the
conditions of one’s working environment especially when personal protective equipment
to protect the ears is used improperly or not utilized at all. General aviation flight
instructors are often exposed to cockpit sound pressure levels higher than OSHA’s
permissible noise exposure standards and could be very hazardous to their hearing. Over
the standard academic year, Embry-Riddle flight instructors are exposed to the hazards of
cockpit noise on an average of 2-3 times a day and could be exposed up to 5 times a day.
It may take hours for one’s hearing to recover after noise exposure. Repeated exposure to
noise could slow the hearing recovery process and could lead to permanent hearing loss.
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Chapter III
Methodology
Lamm and Lawrence (2007) confirmed that general aviation pilots are exposed to
sound levels higher than OSHA standards and that hearing protection must always be
worn during aircraft operation. This study gathered data from flight instructors to
evaluate the amount of temporary threshold shift accrued during a standard training flight
in comparison to flight duration.
Research Approach
Research for this study was based on the quantitative approach. This approach
was the best method for the study because it created the opportunity to study important
data allowing for strong statistical outcomes. This study followed the descriptive and
comparative approaches in order to best allow for the data to be analyzed as thoroughly
as possible. The researcher scanned the Embry-Riddle Aeronautical University, Daytona
Beach Campus flight schedules either the day before or the day of and asked various
flight instructors if they would be interested in participating in the study. Data was
collected about each participant through a survey instrument before and after a training
flight and through audiometric testing. All participants were given a Flightcom 4DX
headset to wear during the study.
There was one type of test that was administered to participants during the study.
Participants were given an audiometric test that required them to sit in a sound-controlled
booth and respond to a series of pure-tones at varying ranges of frequencies and volumes
before they reported to the aircraft for a flight activity. A second audiometric test was
administered after the aircraft engine was shut-down and the flight activity had been
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completed. Only the researcher sat for an additional type of test in which he took on the
role of a flight instructor by sitting in the right seat of a Cessna 172SP during a flight
activity being flown by a flight instructor from the left seat. The researcher wore the
same headset as participants and was exposed to the same noises as participants. The
researcher took the dB-SPL’s at various phases of flight in the cockpit and in his headset
to get a better understanding of how flight instructors are affected by cockpit noise.
Design and procedures. Flight instructors within the population were
administered an initial instrument before any practical testing occurred. The purpose of
this instrument was to gather background information on the participants and was used to
identify potential biases in a participant’s hearing prior to audiometric testing.
An audiometric test was administered prior to each participant becoming noise
exposed on the day of the study in order to gain a baseline of his or her hearing levels.
These data were kept in order to determine if the participant experienced a significant
TTS over the course of their flight activity. The audiometric test was administered in a
sound-controlled booth in the flight operations building so participants could quickly get
to their flight activity after completing the test.
Directly after their flight activity, participants sat for another audiometric test to
identify any significant temporary threshold shifts caused by noise exposure. The test
was administered exactly the same as the baseline test and was conducted in a soundcontrolled booth. Conducting the audiometric test in the flight operations building
ensured that instructors sat for the post-flight audiometric test as soon as possible after
returning from their flight activity.
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An additional questionnaire was given to each participant after post-exposure
audiometric testing was conducted. This instrument was different from the first
instrument described and was solely intended to obtain data about that participant’s
specific flight.
The researcher reenacted a flight-training activity to determine the sound pressure
levels to which flight instructors were exposed. The researcher sat in the right-seat of a
Cessna 172SP and placed the dosimeter’s microphone inside of his headset’s left
earpiece.
Apparatus and materials.
Audiometric test booth. In this study, the researcher used a Tremetrics
audiometric test booth (Model: AR-901) to allow for a greater sound-controlled
environment where the participants could complete their audiometric tests with minimal
background noise, ensuring accurate test results (HPCS, 2002). The walls of the
audiometric booth consisted of steel panels on the outside, sound-absorbing perforated
steel panels on the inside, and an incombustible acoustic insulating material in between.
There was also a window on the booth so the researcher could make visual contact with
participants to ensure that they were properly completing the audiometric test.
Audiometer. In this study, the researcher used a MAICO factory calibrated
audiometer (Model: MA728) (Diagnostic Group LLC, 1973). The audiometer used air
conduction testing to present the participant with a series of pure-tones to which the
participant responded by pressing a button. After an audiometric test was completed, the
audiometer printed out the test results including an audiogram and threshold averages.
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Dosimeter. In this study, the researcher used a Quest-Technologies NoisePro
Dosimeter (Model: Q-300) (Quest Technologies, Inc, 2005). The researcher calibrated
this device to 114 dB at 1000 Hz prior to each use. The dosimeter measured sound
pressure levels at the participant’s ear in the cockpit.
Sound level meter. In this study, the researcher used a Quest-Technologies SLM
(Model: 2900) to perform area monitoring of the cockpit and the testing room (Quest
Technologies, Inc, 1999). This device was calibrated by the researcher to 114 dB at 1000
Hz prior to each use.
Flightcom 4DX headset. In this study, the researcher required all participants to
wear this type of headset during a training flight in which their hearing was analyzed in
order to standardize the study. The 4DX headsets contained a foam rubber headpad as
well as foam ear seals (Flightcom Corporation, 2005). These headsets had noise
canceling microphones and a single volume control. The headsets were fully adjustable
and were created to fit all adults. The headsets had a Noise Reduction Rating of 24 dB
(Flightcom Corporation, 2005).
Population/Sample
The study population consisted of 50 Embry-Riddle Aeronautical University
Cessna 172SP flight instructors with varying flight time and flight experience. The
population sample was selected based on convenience. For this study, the researcher
contacted multiple flight instructors the day prior, or the day of, their first flight activity
of the day and asked if they would be interested in participating in the study. There was
no particular order determined when selecting participants for the study. Flight
instructors were contacted based on their availability, type of aircraft being flown, time of
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their first flight activity of the day, and time gaps between their previous and post-flight
activities.
Data Collection Devices
A pre-flight questionnaire (Appendix C) was administered to each participant
before his or her first flight of the day. The purpose of the pre-flight questionnaire was to
gather background information on each participant and to identify potential biases in a
participant’s hearing prior to audiometric testing. This questionnaire contained general
demographics questions (Questions 1, 2, & 7), questions about hearing protection
(Questions 11 & 12), and questions about exposure to loud noises in non-aviation related
environments (Questions 13, 14, & 15). Additional questions asked participants about
tinnitus symptoms (Question 5) and whether participants felt as if their hearing had been
affected by previous training flights (Questions 6 & 8). Participants were also asked
about the number of flights they typically flew in one day (Question 9), the maximum
number of flights they have ever flown in one day (Question 10), their total flight hours
(Question 3), and hours flown in the last year (Question 4). See Table 6.
The purpose of the post-flight questionnaire (Appendix D) was to gather data
about each participant’s specific flight. Many of the questions were written as openended questions in order to receive valid data. The post-flight questionnaire collected
information about the flight duration (Question 1A), flight maneuvers performed
(Question 4), and maximum altitude as well as the amount of time at that altitude
(Questions 2 & 3). Participants also noted the engine shutdown time (Question 1B) as
well as if they felt that their hearing had diminished as a result of that particular training
flight (Question 5). The researcher also noted on the post-flight questionnaire the time in
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which the participant began his or her post-flight audiometric test. This questionnaire
was quick, concise and was intended to give the researcher an overview of the
participant’s flight (see Table 7). Both instruments contained open-ended questions and
forced-choice questions.

Table 6
Pre-flight Questionnaire Data
Question
Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Q10
Q11
Q12
Q13
Q14
Q15

Variable
Gender
Age
Total Flight Hours
Hours in 2011
Tinnitus
Hearing Loss
Time as a CFI
Diminished Hearing from a Flight
Daily Flight Activities
Maximum Flight Activities in a Day
Hearing Protection
Hearing Protection Usage
Loud Music
Music with Headphones
Sounds other than from Aircraft

Type
Use
Nominal Demographics
Ratio
Demographics
Ratio
Background
Ratio
Background
Ordinal
RQ1
Nominal Background
Ratio
Demographics
Nominal Background
Ratio
Background
Ratio
Background
Ordinal
Background
Ordinal
Background
Ordinal
Background
Ordinal
Background
Ordinal
Background

36
Table 7
Post-flight Questionnaire Data
Question
Q1A
Q1B
Q2
Q3
Q4
Q5

Variable
Engine Hobbs Time

Type
Ratio

Engine Shutdown Time
Maximum Cruise Altitude
Time at Maximum Altitude
Maneuvers Performed
Hearing Diminished from Flight

Ratio
Ratio
Ratio
Open-Ended
Nominal

Use
RQ2, H
Audiometric Test
Validity
Typical Flight
Typical Flight
Typical Flight
Typical Flight

An audiometric test was administered before each participant was exposed to
aircraft noise on the day of the study in order to gain a baseline of his or her hearing
levels. Directly after their flight activity, participants sat for another audiometric test
which was administered exactly the same as the baseline test. Any TTSs that occurred as
a result of the flight were determined by comparing the pre-flight audiometric test results
to the post-flight audiometric test results.
The data collected from the audiometric test printout contained a summary of the
pure-tones each participant was presented with, at each frequency, in each ear. The
summary also noted whether the participant responded to the pure-tone by placing a plus
or minus sign next to the pure-tone presented. The audiometric test printout contained an
audiogram, which indicated the lowest tone each participant could hear properly at each
particular frequency in each ear. The audiometric test printout also contained an average
of the lowest pure-tones that each participant could hear properly, averaged across three
similar frequencies (see Figure 7). In this study, the researcher compared the values from
the pre-flight audiogram to the values of the post-flight audiogram. The difference
between the values at each frequency in each ear between the baseline hearing test and
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the post-flight hearing indicated the TTS that occurred at each frequency as a result of the
flight (see Table 8).

Figure 7. Audiometric test printout. Note. Adapted from Diagnostic Group LLC, 1973.
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Table 8
Temporary Threshold Shifts for each Participant’s Ear at each Frequency
Frequency (Hz)
dB@500 L
dB@1000 L
dB@2000 L
dB@3000 L
dB@4000 L
dB@6000 L
dB@8000 L
dB@500 R
dB@1000 R
dB@2000 R
dB@3000 R
dB@4000 R
dB@6000 R
dB@8000 R

Type
Interval
Interval
Interval
Interval
Interval
Interval
Interval
Interval
Interval
Interval
Interval
Interval
Interval
Interval

Use
RQ 2, 3 + H
RQ 2, 3 + H
RQ 2, 3 + H
RQ 2, 3 + H
RQ 2, 3 + H
RQ 2, 3 + H
RQ 2, 3 + H
RQ 2, 3 + H
RQ 2, 3 + H
RQ 2, 3 + H
RQ 2, 3 + H
RQ 2, 3 + H
RQ 2, 3 + H
RQ 2, 3 + H

Instrument reliability. The dosimeter, SLM, audiometer, and sound-controlled
booth were considered to be reliable since they have been used in similar research
projects noted in the literature review. These instruments are well respected for obtaining
data necessary in audio and temporary threshold shift studies.
The researcher is a current and fully certified CAOHC Occupational Hearing
Conservationist (see Appendix B) and was trained to properly use dosimeters, SLM’s,
and audiometers for data collection.
The researcher monitored participants when taking the pre-flight and post-flight
questionnaires to ensure they weren’t confused about any of the questions. If the
participant had any questions, the researcher answered them promptly.
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The researcher explained how the audiometric test worked and what exactly the
participant needed to do to ensure accurate test results. If the participant had any
questions, the researcher answered them promptly. The researcher had the ability to
watch the participant take the audiometric test through a glass window and interrupted
any participants who were not completing the exam properly. The researcher also
verified that participants were responding to the stimulus pure-tones at proper times by
monitoring the audiometer during testing.
Instrument validity. The questionnaires were reviewed prior to the start of the
study in order to ensure that the results matched the results desired.
The audiometer was professionally calibrated prior to its use in the study. The
dosimeter and SLM were both calibrated to 114 dB at 1000 Hz, as instructed in the
operating manual prior to use. Only the researcher operated all of the data collection
equipment in order to ensure the validity of all instruments.
All audiometric tests were conducted in a sound-controlled booth in an
environment with dB-SPL’s that met or exceeded OSHA standards (OSHA, 2008). All
audiometric testing was conducted in the same location throughout the entire study.
Sound-pressure level measurements were collected in the sound-controlled booth prior to
data collection to ensure that the appropriate OSHA standards for audiometric data
collection were met.
Treatment of the Data
All tests for the treatment of the data were completed using Statistical Package for
the Social Sciences (SPSS) software.
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Descriptive statistics. The researcher used charts and figures to describe all
nominal and ordinal variables from the questionnaires. The ratio and interval data were
described in tables depicting the mean, median, standard deviation, maximum, minimum,
and count. The pre-flight questionnaire was predominantly used by the researcher to get
an overview of the demographics of the participants. The mean was used to determine
central tendency of participant data such as age, total flight hours, the amount of time
instructors held their CFI certificate, and hours flown in the last year.
The post-flight questionnaire was predominantly used by the researcher to get an
overview of each participant’s flight. The mean was used to determine central tendency
of data such as each flight’s duration, the maximum cruise altitude flown on the flight,
the time at maximum cruise altitude, what maneuvers the participant performed on the
flight, and whether participants felt that their hearing had diminished as a result of the
flight.
The TTS data was analyzed through descriptive statistics by calculating the
average TTS for each frequency in each ear. The researcher calculated the mean,
standard deviation, minimum, maximum, and count for each TTS for each frequency in
each ear.
Hypothesis testing. Each TTS was calculated by subtracting the dB-HL level on
the post-flight audiogram from the dB-HL level on the baseline audiogram for each
frequency in each ear. Independent t-tests were calculated to determine the statistical
differences between these data. An independent t-test was calculated for each TTS at
each frequency in each ear for all participants. For each frequency, the TTSs were split
into two groups based on the median flight duration: TTS for shorter flights (less than or
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equal to the median, 1.6 hours) and TTS for longer flights (greater than the median, 1.6
hours).
Qualitative data. Qualitative data from the pre-flight questionnaire consisted of
responses to questions relating to noise exposure and hearing loss prior to participation in
the study. In the pre-flight questionnaire, participants were asked if their hearing had
gotten progressively worse as a result of continuous exposure to aircraft noise (Question
6). Participants were asked to describe the type of hearing protection worn while flying,
if not listed as a forced-choice answer (Question 11). Participants were asked to describe
their exposure to loud noises other than those created by general aviation aircraft
(Question 15). In the post-flight questionnaire, participants were asked to list the types of
maneuvers they flew on their particular training flight (Question 4).
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Chapter IV
Results
Descriptive Statistics
The study’s participants were 89.1% male (N=41) and 10.9% female (N=5).
Table 9 describes the ages of participants in the study (N=46). There were 4 participants
who were not included in the analysis because they either did not complete the research
or did not fly a Cessna 172SP in the study.

Table 9
Ages of Participants
Valid Missing Mean Median Std. Deviation Minimum Maximum
46
0
26.07
24
6.94
20
60

Table 10 describes participants’ total flight time and hours flown in the last year
(2011).

Table 10
Participants’ Total Flight Time and Hours Flown in 2011

Total Flight
Hours
Hours Flown
in 2011

Std.
Valid Missing Mean Median Deviation Min. Max.
46
0
1658.22 825.00 2693.10 220 16000
46

0

360.76

350.00

191.82

60

700

Figure 8 describes Q5 of the pre-flight questionnaire. In this question,
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participants were asked how often they experienced symptoms of tinnitus.

Figure 8. Participants’ tinnitus symptoms.

Figure 9 describes Q6 of the pre-flight questionnaire. In this question,
participants were asked if they believed that their hearing has gotten progressively worse
as a result of their continuous exposure to aircraft noise during flight.
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Figure 9. Participants’ hearing loss as a result of flight.

Table 11 describes participants’ total time as a CFI in years.

Table 11
Participants’ Time as a CFI (in Years)

Valid Missing Mean
46
0
3.32

Std.
Median Deviation Minimum Maximum
1.50
6.19
.08
39.17

Figure 10 describes Q8 of the pre-flight questionnaire. In this question,
participants were asked if they had ever completed a training flight and felt like their
hearing had diminished as a result of the flight.
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Figure 10. Participants’ hearing diminished from a particular flight.

Table 12 describes the number of daily flight activities for the participants as well
as their maximum flight activities in a day.

Table 12
Participants’ Daily Flight Activities and Maximum Flight Activities in a Day

Daily Flight
Activities
Maximum Flight
Activities in a Day

Std.
Valid Missing Mean Median Deviation Min. Max.
46
0
2.80
3.00
.80
1.0 5.0
46

0

4.49

5.00

1.33

2

10

Figure 11 describes Q11 of the pre-flight questionnaire. In this question,
participants described the type of hearing protection they wear most often while flying.
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Figure 11. Hearing protection worn by participants.

Figure 12 describes Q12 of the pre-flight questionnaire. In this question,
participants were asked how often they wear hearing protection while flying.

Figure 12. Participants’ hearing protection usage.
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Figure 13 describes Q13 of the pre-flight questionnaire. In this question,
participants were asked how often they listen to loud music.

Figure 13. Participants’ loud music exposure.

Figure 14 describes Q14 of the pre-flight questionnaire. In this question,
participants were asked how often they listen to music with headphones.

Figure 14. Participants’ music with headphones exposure.
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Figure 15 describes Q15 of the pre-flight questionnaire. In this question,
participants were asked how often they are exposed to loud sounds other than those
generated by general aviation aircraft.

Figure 15. Participants’ exposure to sounds other than those from aircraft.

From the post-flight questionnaire, Table 13 describes the participants’ Hobbs
time for the flight as well as the time in minutes it took for participants to return to the
booth for the post-flight audiogram from engine shutdown (Gap Time).
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Table 13
Participants’ Engine Hobbs Time and Gap Time

Engine Hobbs
Time
Gap Time

Valid Missing Mean Median
46
0
1.75
1.6
46

0

8.17

5.0

Std.
Mode Deviation Min. Max.
1.6
.40
1.1 3.0
5.0

6.42

2
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Figure 16 describes Q5 of the post-flight questionnaire. In this question,
participants were asked if they felt that their hearing had diminished as a result of the
flight activity.

Figure 16. Participants’ hearing diminished from flight.

Table 14 describes participants’ TTS at each frequency in the left ear.
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Table 14
Temporary Threshold Shifts at each Frequency in the Left Ear
Frequency
(Hz)
Valid Missing Mean Median
TTS 500 L
46
0
-.22
.00
TTS 1000 L
46
0
-.54
.00
TTS 2000 L
46
0
.87
.00
TTS 3000 L
46
0
.11
.00
TTS 4000 L
46
0
1.30
.00
TTS 6000 L
46
0
.98
.00
TTS 8000 L
46
0
1.96
.00
Note. Negative TTS indicates hearing gain.

Mode
0
0
0
0
0
0
0

Std.
Dev.
4.34
3.02
3.54
4.28
3.24
5.83
6.19

Min. Max.
-15
10
-5
10
-5
15
-15
10
-5
10
-10
15
-10
20

Table 15 shows the frequency of each TTS at 500 Hz in the left ear.

Table 15
Temporary Threshold Shifts at 500 Hz in the Left Ear
Valid Cumulative
Frequency Percent Percent Percent
Valid -15
1
2.2
2.2
2.2
-5
11
23.9
23.9
26.1
0
23
50.0
50.0
76.1
5
10
21.7
21.7
97.8
10
1
2.2
2.2
100.0
Total
46
100.0
100.0
Note. Negative TTS indicates hearing gain.

Table 16 shows the frequency of each TTS at 1000 Hz in the left ear.
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Table 16
Temporary Threshold Shifts at 1000 Hz in the Left Ear
Valid Cumulative
Frequency Percent Percent Percent
Valid
-5
10
21.7
21.7
21.7
0
32
69.6
69.6
91.3
5
3
6.5
6.5
97.8
10
1
2.2
2.2
100.0
Total
46
100.0
100.0
Note. Negative TTS indicates hearing gain.

Table 17 shows the frequency of each TTS at 2000 Hz in the left ear.

Table 17
Temporary Threshold Shifts at 2000 Hz in the Left Ear
Valid Cumulative
Frequency Percent Percent Percent
Valid
-5
5
10.9
10.9
10.9
0
30
65.2
65.2
76.1
5
10
21.7
21.7
97.8
15
1
2.2
2.2
100.0
Total
46
100.0
100.0
Note. Negative TTS indicates hearing gain.

Table 18 shows the frequency of each TTS at 3000 Hz in the left ear.
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Table 18
Temporary Threshold Shifts at 3000 Hz in the Left Ear
Valid Cumulative
Frequency Percent Percent Percent
Valid -15
1
2.2
2.2
2.2
-5
9
19.6
19.6
21.7
0
24
52.2
52.2
73.9
5
11
23.9
23.9
97.8
10
1
2.2
2.2
100.0
Total
46
100.0
100.0
Note. Negative TTS indicates hearing gain.

Table 19 shows the frequency of each TTS at 4000 Hz in the left ear.

Table 19
Temporary Threshold Shifts at 4000 Hz in the Left Ear
Valid Cumulative
Frequency Percent Percent Percent
Valid
-5
4
8.7
8.7
8.7
0
27
58.7
58.7
67.4
5
14
30.4
30.4
97.8
10
1
2.2
2.2
100.0
Total
46
100.0
100.0
Note. Negative TTS indicates hearing gain.

Table 20 shows the frequency of each TTS at 6000 Hz in the left ear.
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Table 20
Temporary Threshold Shifts at 6000 Hz in the Left Ear
Valid Cumulative
Frequency Percent Percent Percent
Valid -10
4
8.7
8.7
8.7
-5
6
13.0
13.0
21.7
0
21
45.7
45.7
67.4
5
8
17.4
17.4
84.8
10
6
13.0
13.0
97.8
15
1
2.2
2.2
100.0
Total
46
100.0
100.0
Note. Negative TTS indicates hearing gain.

Table 21 shows the frequency of each TTS at 8000 Hz in the left ear.

Table 21
Temporary Threshold Shifts at 8000 Hz in the Left Ear
Valid Cumulative
Frequency Percent Percent Percent
Valid -10
1
2.2
2.2
2.2
-5
9
19.6
19.6
21.7
0
17
37.0
37.0
58.7
5
14
30.4
30.4
89.1
10
2
4.3
4.3
93.5
15
1
2.2
2.2
95.7
20
2
4.3
4.3
100.0
Total
46
100.0
100.0
Note. Negative TTS indicates hearing gain.

Table 22 describes the participants’ TTS at each frequency in the right ear.
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Table 22
Temporary Threshold Shifts at each Frequency in the Right Ear
Frequency
(Hz)
Valid Missing Mean Median
TTS 500 R
46
0
1.30
.00
TTS 1000 R
46
0
.00
.00
TTS 2000 R
46
0
.33
.00
TTS 3000 R
46
0
.54
.00
TTS 4000 R
46
0
.98
.00
TTS 6000 R
46
0
.00
.00
TTS 8000 R
46
0
.65
.00
Note. Negative TTS indicates hearing gain.

Mode
0
0
0
0
0
0
0

Std.
Dev.
3.72
2.58
4.00
2.83
4.03
7.30
6.38

Min. Max.
-5
10
-5
5
-5
10
-5
5
-10
10
-25
20
-10
25

Table 23 shows the frequency of each TTS at 500 Hz in the right ear.

Table 23
Temporary Threshold Shifts at 500 Hz in the Right Ear
Valid Cumulative
Frequency Percent Percent Percent
Valid -5
5
10.9
10.9
10.9
0
27
58.7
58.7
69.6
5
11
23.9
23.9
93.5
10
3
6.5
6.5
100.0
Total
46
100.0
100.0
Note. Negative TTS indicates hearing gain.

Table 24 shows the frequency of each TTS at 1000 Hz in the right ear.
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Table 24
Temporary Threshold Shifts at 1000 Hz in the Right Ear
Valid Cumulative
Frequency Percent Percent Percent
Valid
-5
6
13.0
13.0
13.0
0
34
73.9
73.9
87.0
5
6
13.0
13.0
100.0
Total
46
100.0
100.0
Note. Negative TTS indicates hearing gain.

Table 25 shows the frequency of each TTS at 2000 Hz in the right ear.

Table 25
Temporary Threshold Shifts at 2000 Hz in the Right Ear
Valid Cumulative
Frequency Percent Percent Percent
Valid
-5
11
23.9
23.9
23.9
0
23
50.0
50.0
73.9
5
10
21.7
21.7
95.7
10
2
4.3
4.3
100.0
Total
46
100.0
100.0
Note. Negative TTS indicates hearing gain.

Table 26 shows the frequency of each TTS at 3000 Hz in the right ear.
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Table 26
Temporary Threshold Shifts at 3000 Hz in the Right Ear
Valid Cumulative
Frequency Percent Percent Percent
Valid
-5
5
10.9
10.9
10.9
0
31
67.4
67.4
78.3
5
10
21.7
21.7
100.0
Total
46
100.0
100.0
Note. Negative TTS indicates hearing gain.

Table 27 shows the frequency of each TTS at 4000 Hz in the right ear.

Table 27
Temporary Threshold Shifts at 4000 Hz in the Right Ear
Valid Cumulative
Frequency Percent Percent Percent
Valid -10
1
2.2
2.2
2.2
-5
7
15.2
15.2
17.4
0
21
45.7
45.7
63.0
5
16
34.8
34.8
97.8
10
1
2.2
2.2
100.0
Total
46
100.0
100.0
Note. Negative TTS indicates hearing gain.

Table 28 shows the frequency of each TTS at 6000 Hz in the right ear.
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Table 28
Temporary Threshold Shifts at 6000 Hz in the Right Ear
Valid Cumulative
Frequency Percent Percent Percent
Valid -25
1
2.2
2.2
2.2
-10
5
10.9
10.9
13.0
-5
8
17.4
17.4
30.4
0
16
34.8
34.8
65.2
5
11
23.9
23.9
89.1
10
4
8.7
8.7
97.8
20
1
2.2
2.2
100.0
Total
46
100.0
100.0
Note. Negative TTS indicates hearing gain.

Table 29 shows the frequency of each TTS at 8000 Hz in the right ear.

Table 29
Temporary Threshold Shifts at 8000 Hz in the Right Ear
Valid Cumulative
Frequency Percent Percent Percent
Valid -10
4
8.7
8.7
8.7
-5
9
19.6
19.6
28.3
0
17
37.0
37.0
65.2
5
12
26.1
26.1
91.3
10
3
6.5
6.5
97.8
25
1
2.2
2.2
100.0
Total
46
100.0
100.0
Note. Negative TTS indicates hearing gain.
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Hypothesis Testing
Independent t-tests were computed to test the hypothesis: There is a difference in
TTS based on the number of hours a flight instructor flies in a Cessna 172SP in one
typical flight training event. The TTSs were grouped into two groups: short flights (less
than or equal to 1.6 hours) and long flights (greater than 1.6 hours). The researcher
determined these groupings by splitting the flight duration data at the median. There
were multiple participants who had a flight duration of 1.6 hours, which also served as
the mode. To allow for consistent data, the researcher shifted the median to include all
participants with a flight duration of 1.6 hours and resulted in short duration (N=24) and
long duration (N=22).
Table 30 shows descriptive statistics for the left ear TTS data. Table 31 shows the
independent t-test for the left ear. Table 32 shows descriptive statistics for the right ear
TTS data. Table 33 shows the independent t-test for the right ear.
A Levene’s Test for Equality of Variances was performed for each TTS at each
frequency in each ear to determine if equal variances should be assumed or not. A
significance value of 0.05 was used to make this determination. Following the Levene’s
test, an independent t-test was performed between the test groups for each frequency in
each ear. The researcher failed to confirm the hypothesis at all frequencies in both ears
except at 2000 Hz in the left ear where the researcher accepted the hypothesis. This
determination was based on a significance value of 0.05.
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Table 30
Descriptive Statistics for Left Ear Temporary Threshold Shift Data

TTS 500 Hz L
TTS 1000 Hz L
TTS 2000 Hz L
TTS 3000 Hz L
TTS 4000 Hz L
TTS 6000 Hz L
TTS 8000 Hz L

Flight Duration CAT
Short Duration
Long Duration
Short Duration
Long Duration
Short Duration
Long Duration
Short Duration
Long Duration
Short Duration
Long Duration
Short Duration
Long Duration
Short Duration
Long Duration

N Mean
24 -.63
22
.23
24 -1.04
22
.00
24 -.21
22 2.05
24
.42
22 -.23
24 1.67
22
.91
24
.00
22 2.05
24 2.29
22 1.59

Std.
Std. Error
Deviation Mean
4.74
.97
3.93
.84
2.55
.52
3.45
.74
2.32
.47
4.27
.91
3.27
.67
5.23
1.12
3.19
.65
3.32
.71
4.89
1.0
6.67
1.42
7.22
1.47
4.97
1.06

Table 31
Independent t-test for Left Ear Temporary Threshold Shift Data

TTS 500 Hz L
TTS 1000 Hz L

Equal variances assumed
Equal variances assumed

TTS 2000 Hz L Equal variances not assumed
TTS 3000 Hz L
Equal variances assumed
TTS 4000 Hz L
Equal variances assumed
TTS 6000 Hz L
Equal variances assumed
TTS 8000 Hz L
Equal variances assumed

t
-.66
-1.17

df
44
44

-2.20 31.7
.51
44
.79
44
-1.19 44
.38
44

Sig. (2-tailed)
.51
.25
.04
.62
.43
.24
.71

60
Table 32
Descriptive Statistics for Right Ear Temporary Threshold Shift Data

TTS 500 Hz R
TTS 1000 Hz R
TTS 2000 Hz R
TTS 3000 Hz R
TTS 4000 Hz R
TTS 6000 Hz R
TTS 8000 Hz R

Flight Duration CAT
Short Duration
Long Duration
Short Duration
Long Duration
Short Duration
Long Duration
Short Duration
Long Duration
Short Duration
Long Duration
Short Duration
Long Duration
Short Duration
Long Duration

N Mean
24 1.25
22 1.36
24 .00
22 .00
24 .21
22 .45
24 .42
22 .68
24 1.25
22 .68
24 -.21
22 .23
24 .63
22 .68

Std.
Std. Error
Deviation Mean
3.38
.69
4.14
.88
2.55
.52
2.67
.57
3.75
.77
4.34
.93
2.92
.60
2.80
.60
3.69
.75
4.44
.95
7.87
1.61
6.81
1.45
4.5
.92
8.06
1.72

Table 33
Independent t-test for Right Ear Temporary Threshold Shift Data

TTS 500 Hz R

Equal variances assumed

t
df Sig. (2-tailed)
-.10 44
.92

TTS 1000 Hz R

Equal variances assumed

.00 44

1.00

-.21
-.31
.47
-.20
-.10

.84
.76
.64
.84
.92

TTS 2000 Hz R
Equal variances assumed
TTS 3000 Hz R
Equal variances assumed
TTS 4000 Hz R
Equal variances assumed
TTS 6000 Hz R
Equal variances assumed
TTS 8000 Hz R Equal variances not assumed

44
44
44
44
44
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Qualitative Data
Through the qualitative data collected from the questionnaires, it was learned that
participants felt that their hearing had gotten slightly worse as a result of their continuous
exposure to aircraft noise during flight.
It was learned that flight instructors wear a variety of different headset makes and
models and have had varying exposures to loud noises other than those created by general
aviation aircraft.
It was learned that participants flew training flights with varying purposes while
participating in the study. Participants’ training flights ranged from staying in the traffic
pattern and basic flight fundamentals, to commercial maneuvers, instrument approaches,
and long cross-country flights.
See Appendix F for a list of the qualitative responses to Questions 6, 11, & 15 of
the pre-flight questionnaire and Question 4 of the post-flight questionnaire.
Noise Sampling
The researcher flew in the right seat of a Cessna 172SP to take sound pressure
level measurements during different phases of flight as indicated in Table 34. The dBSPL headset measurements were gathered by placing a small microphone in the left
earmuff of the researcher’s headset; the microphone was connected to the QuestTechnologies Inc. NoisePro Dosimeter. The headset used was of the same make and
model (Flightcom 4DX) as the headsets worn by participants in the study. The dB-SPL
cabin measurements were taken by placing the microphone directly next to the
researcher’s left earmuff. This microphone was attached to the Quest-Technologies
Sound-Level Meter. Both instruments used dBA weighting, SLOW response, 90 dBA
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criterion level, 80 dBA threshold level, and a 5 dB exchange rate, as prescribed by OSHA
standards for noise and hearing conservation. Both instruments were calibrated by the
researcher directly before use in the study. The Flightcom 4DX headsets had a Noise
Reduction Rating of 24 dB (Flightcom Corporation, 2005).

Table 34
Cessna 172SP Sound-Pressure Levels
Phase of Flight
1800 RPM Run-up
Full Power Takeoff Roll
Full Power Climb
2100 RPM Cruise
2400 RPM Cruise
1500 RPM Descent

dB-SPL Headset
78.7
89.0
79.5
78.8
84.1
76.0

dB-SPL Cabin
97.5
93.0
94.0
85.1
89.6
82.6

Headset
Attenuation
18.8
4.0
14.5
6.3
5.5
6.6
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Chapter V
Discussion, Conclusions, and Recommendations
Discussions
It can be determined from Figure 8 that the participants do not typically
experience symptoms of tinnitus to a strong extent. Of the participants studied, 69%
indicated that they experience symptoms of tinnitus a few times a year or less. Only 31%
of participants indicated that they experience tinnitus about every month or more
frequently.
The data from Figure 9 indicates that 66% of participants felt that their hearing
has not gotten progressively worse as a result of their continuous exposure to aircraft
noise and Figure 10 indicates that 52% of participants completed a training flight and did
not feel like their hearing had diminished. Both of these figures indicate that the majority
of participants felt as if their hearing was not jeopardized as a result of their exposure to
aircraft noise.
It was shown in Figure 11 that the most common type of headset utilized by
participants is a headset without ear plugs (83%) and it was shown in Figure 12 that 95%
of all participants always wear hearing protection while flying.
Noise exposure from other sources such as loud music (Figure 13), listening to
music with headphones (Figure 14), and sounds other than those from aircraft (Figure 15)
were fairly high and the majority of participants reported exposure about every month or
more often in all three categories.
From the hypothesis testing descriptive statistics, it was found that the TTSs of
frequencies in the left ear showed means ranging from -.54 dB-HL to 1.96 dB-HL. Mean

64
TTSs at frequencies in the right ear ranged from .00 dB-HL to 1.30 dB-HL. When
comparing short duration flights to long duration flights, it was found that the mean TTSs
of the frequencies tested in the left ear for short duration ranged from -1.04 dB-HL to
2.29 dB-HL. The mean TTSs of the frequencies tested in the left ear for long duration
ranged from -.23 dB-HL to 2.05 dB-HL. The mean TTSs of the frequencies tested in the
right ear for short duration ranged from -.21 dB-HL to 1.25 dB-HL. The mean TTSs of
the frequencies tested in the right ear for long duration ranged from .00 dB-HL to 1.36
dB-HL. Because all of these means are so low, it is very evident that utilizing hearing
protection in the cockpit (in this case the Flightcom 4DX headset) is highly effective in
preventing hearing loss.
It was found that the only statistically significant TTS, as determined by the t-test
in comparing short flight duration to long flight duration, was at 2000 Hz in the left ear.
It was at 2000Hz in the left ear that the hypothesis was confirmed, indicating that TTS
was greater for flights of long duration than those of short duration. All other frequencies
in both ears had significance values greater than .05; therefore, all other hypotheses could
not be confirmed. The mean TTS at 2000Hz in the left ear was .87 dB-HL. The mean
TTS for the short duration flight was -.21 dB-HL and the mean TTS for the long duration
flights was 2.05 dB-HL for 2000 Hz in the left ear. These TTSs are very minute and
indicate that hearing protection in the cockpit is highly effective.
Of the participants studied, 56% indicated that they believed their hearing had
diminished as a result of the flight in which they participated in the study. When
compared to the results of the hypothesis testing, it was determined that their hearing was
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very slightly affected at the majority of frequencies tested, with the largest mean TTS of
all frequencies tested in both ears being 2.29 dB-HL.
Because of such low mean TTS values experienced by flight instructors (even
with being often exposed to the hazards of high cockpit sound levels multiple times a day
because of the vast number of flight students requiring flight training) when properly
wearing hearing personal protective equipment, there is no need to worry about TTS
overlap or TTS causing a PTS with no possibility of recovery, resulting in permanent
hearing loss.
Conclusions
Research Question #1: How often do Cessna 172SP flight instructors experience
symptoms of tinnitus?
It can be determined from Figure 8 that the participants do not typically
experience symptoms of tinnitus to a strong extent. Of the participants studied, 69%
indicated that they experience symptoms of tinnitus a few times a year or less. Only 31%
of participants indicated that they experience tinnitus about every month or more
frequently.
Research Question #2: How long must one be in a Cessna 172SP aircraft before
there is a significant TTS in one typical flight training event?
It was determined that one would receive a significant TTS at 2000 Hz in the left
ear after 1.6 hours of flight time. Because of such a low mean TTS, there is no need to
improve or require additional hearing personal protective equipment, or require decreased
exposure times to aircraft noise.
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Research Question #3: At what frequencies do Cessna 172SP flight instructors
experience a significant TTS?
It was determined that Cessna 172SP flight instructors experience a significant
TTS at 2000 Hz in the left ear. Because of such a low mean TTS, there is no need to
improve or require additional hearing personal protective equipment, or require decreased
exposure times to aircraft noise.
Hypothesis: There is a difference in TTS based on the number of hours a flight
instructor flies in a Cessna 172SP in one typical flight training event.
It was determined that there is a difference in TTS based on the number of hours a
flight instructor flies in a Cessna 172SP in one typical flight training at 2000 Hz in the
left ear. There is no difference in TTS based on the number of hours a flight instructor
flies in a Cessna 172SP in one typical flight training event at all other frequencies tested
in both ears.
Recommendations
The researcher recommends that further research be completed in the area of
study to account for the below items that were purposely not taken into account to ensure
the safety of participants. The researcher did not stipulate whether participants could
wear sunglasses or hats while flying during the study. It is possible that hats or
sunglasses may have jeopardized the bond between the headset earmuff and the
participants’ ears, possibly allowing for greater noise exposure. The researcher
determined that safety would be compromised if participants were not allowed to wear
hats and sunglasses while flying.
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In the study, participants were not asked to perform a Valsalva maneuver (pop
their ears) prior to audiometric testing. It is believed that by performing a Valsalva
maneuver, participants would have been able to yield greater valid audiometric test
results, but the researcher did not feel that this procedure was appropriate, though he was
not aware of any potential medical problems that it could have caused.
In the study, participants were given full control over their headset volume. The
researcher felt that setting all of the headsets to a particular volume would be unsafe and
cause discomfort, since each participant required different volume levels to properly
communicate with students and air traffic control. The researcher chose to not expose
participants to a prescribed headset volume.
Almost all participants were not used to wearing the headset used in the study.
For future studies, the researcher recommends providing the participant with the headset
a few flights in advance in order to provide for a smoother transition. The Noise
Reduction Rating of the headsets used in the study may have had different Noise
Reduction Ratings than the headset normally used by the participant, possibly affecting
the results.
The researcher found that it would have been useful to ask participants the exact
make and model of their regular headset as opposed to asking the type of headset they
normally wear (Question 11 of the Pre-Flight Questionnaire). The researcher believes
that he would have received better data if he had the ability to research each participants’
regular headset individually and determine its type of hearing protection, Noise
Reduction Rating, and determine whether or not it has noise cancelling technology.
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The researcher also found that it would have been helpful to ask if there were any
experiences in each participant’s life where they believe they had lost a significant
amount of hearing.
When asking participants about their hours flown in the last year and their total
flight hours (Questions 3 and 4 of the Pre-Flight Questionnaire), the researcher believes
that it would have been beneficial to ask them to bring their logbook to the study and then
calculate the exact number of hours flown, compared to an estimate off the top of their
heads.
If the researcher was performing this study again, he would have edited Question
7 of the pre-flight questionnaire from “How long have you been a certificated flight
instructor?” to “How long have you been an active certificated flight instructor?” because
he learned that many flight instructors have not actively flown regularly since the day
they first earned their certificate. The researcher also would have changed Question 5 of
the post-flight questionnaire from “Do you feel like your hearing has diminished from
today’s flight?” to “Do you feel that your hearing has temporarily diminished from
today’s flight?” to better assure the researcher that participants answered the question as
it was intended.
An intervening variable during the hypothesis testing was the time in which it
took participants to return to the audiometric test booth after the aircraft engine had been
shut down. The researcher believes that there may have been a difference in TTS
between those who returned to the researcher within 15 minutes and those who returned
after 15 minutes. The researcher recommends that more research be completed on the
effect of gap time (the time it takes to return to the hearing booth after noise exposure) on
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TTS recovery as well as how long it takes for TTSs to recover at different frequencies.
The researcher recommends that the student drop off the participant at the audiometric
test booth directly after landing to ensure that the audiometric test is completed in a
prompt matter. The researcher also recommends that all participants be given their postflight audiometric tests at the exact same gap time. For example, all participants should
be given the post-flight audiometric test exactly 5 minutes after being exposed to aircraft
noise.
When conducting noise sampling and trying to determine the dB-SPL at the ear in
the headset, it is recommended by the researcher to find a way to put the dosimeter’s
microphone in the headset without sacrificing the bond between the headset and the head.
In this study, the dosimeter’s microphone wire ran between the bond of the headset and
the head.
The researcher believes that the most beneficial way to conduct this study would
have been to account for all of the above recommendations in addition to administering
audiograms for each participant before and after each flight activity for about a year. It
would also be important to note the amount of time between flight activities to calculate
the amount of TTS recovery before the participants’ next exposure to aircraft noise. It is
through testing over a long period of time that the researcher may be able to track TTS
recovery and its ability to cause a PTS resulting in permanent hearing loss.
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Application for IRB Approval
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12-103

Principle Investigator: Dr. Guy Smith
Other Investigators: Dr. Nancy Lawrence, Graduate Student Andrew Bellini

Project Title: The Effects of Cockpit Noise on the Temporary Threshold Shift of Cessna

172SP Flight Instructors
Submission Date: January 19, 2012

Determination Date: January 27, 2012

Review Board Use Only
Initial Reviewer: Teri Vigneau/Bert Boquet
Exempt: __Yes
Approved: X Yes

X No
___ No

Approved as EXPEDITED

In this study, the researcher will make arrangements for ERAU flight
instructors to sit for a 5-10 minute audiogram before and after a regularly scheduled
training flight. Each participant will also be asked to complete a brief survey prior to and
after his or her training flight. There will be a few different types of measures taken. The
study will also utilize two surveys to be distributed to participants. One will be given to
each participant before his or her flight. The second will be given after his or her flight.
For this study, there is little to no risk involved for the participants. Since the
researchers are measuring audiograms tones, frequencies, and decibels, using small
microphones in the earpiece of the headset, this protocol may need an expedited
review. [Teri Vigneau 1-23-12]
I believe this qualifies for expedited status. Honestly, it could probably be exempted but
I’d like a couple of the board to weigh in. [Bert Boquet 1-26-12]
I see no problem with this. [Mike Wiggins 1-26-12]
I don’t have any issue with this except for the fact the subjects will be paid minimum
wage for the time they spend which is somewhere between 1-3 hours? Seems like a lot
of paperwork for such a small amount of money. [Irene McReynolds 1-26-12]
Comments:
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Appendix C
Pre-flight Questionnaire
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THE EFFECT OF COCKPIT NOISE ON THE TEMPORARY THRESHOLD SHIFT
OF CESSNA 172SP FLIGHT INSTRUCTORS

Pre-Flight Questionnaire

1. What is your gender?
Male

Female





2. How old are you?
Age

3. Approximately, how many total flight hours do you have?
Total Flight
Hours

4. Approximately, how many hours have you logged in the last year (2011)?
Hours
Flown in
2011

5. How often do you experience symptoms of tinnitus (ringing in the ears)?
Never

A few times
a year

About every
month

About once
a week

About
every day
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6. Do you believe that your hearing has gotten progressively worse as a result of
your continuous exposure to aircraft noise during flight? Please Explain.
Yes

No





Please Explain: _____________________________________________________
_____________________________________________________
_____________________________________________________
7. How long have you been a certified flight instructor? (Approximately)
Years

Months

8. Have you ever completed a training flight and felt like your hearing had
diminished as a result of the flight?
Yes

No





9. Approximately, how many flight activities do you have a day?
Daily Flight
Activities

10. What is the maximum number of flight activities you have had in one day?
Maximum
Flight
Activities in
One Day
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11. What type of hearing protection do you wear most often while flying?
Headset
without
ear plugs

Headset
with ear
plugs

Just earplugs

Other









If other, please explain:
____________________________________________________
____________________________________________________
12. How often do you wear hearing protection while flying (headset, ear plugs, etc.)?
Always

Sometimes

Never







13. How often do you listen to loud music?
Never

A few times
a year

About every
month

About once
a week

About
every day











14. How often do you listen to music with headphones?
Never

A few times
a year

About every
month

About once
a week

About
every day











15. How often are you exposed to loud sounds other than those created by general
aviation aircraft? (concerts, construction, races, bartending, dance clubs, etc)
Never

A few times
a year

About every
month

About once
a week

About
every day











Please Explain: ________________________________________
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Post-Flight Questionnaire
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THE EFFECT OF COCKPIT NOISE ON THE TEMPORARY THRESHOLD SHIFT
OF CESSNA 172SP FLIGHT INSTRUCTORS
Post-Flight Questionnaire
1. What was the duration of your flight from engine start to shutdown? Please also
note the “clock time” of engine shut down.
Today’s Flight
Duration
(Hobbs)

Engine
Shutdown
(Clock Time)
Example: 0825

2. What was your maximum cruising altitude obtained during today’s flight?
Maximum
Cruising Altitude

3. Approximately how long were you at that cruising altitude?
Time at
Maximum
Altitude

4. What types of maneuvers did you perform on this flight? (steep turns, stalls, lazy
8’s, chandelles, soft/short field landings, etc.)
_____________________________________________________
_____________________________________________________
_____________________________________________________
5. Do you feel like your hearing has diminished as a result of today’s flight?
Yes

No
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Audiometric Testing
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Sample Audiometric Test Printout
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Appendix F
Qualitative Data
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Listed below are the qualitative responses to Questions 6, 11, & 15 of the preflight questionnaire. Also listed below are the responses to Question 4 of the post-flight
questionnaire.
Pre-flight Questionnaire Question 6 Responses:
“I believe that prolonged exposure to loud noise will reduce the effectiveness of
my hearing and I feel as though this is occurring in my case.”
“Always have to ask people to repeat what they said.”
“However, the effect has been minimized by the constant use of hearing
protection since age 22. (Earplugs or headset)”
“Certain voices are hard to understand.”
“Minimal but it does have an effect.”
“Long flights/long days can tell loss of hearing.”
“Slightly, but most of my hours I used Bose.”
“Over the 9 years of flying, I have realized I can't hear as well in loud
conditions.”
“Very high pitches. Noise occasionally seems distorted.”
“It is very slight but I can tell that the volume setting on my television has
increased about 1 or 2 volume levels from 4 years ago.”
“I have difficulty understanding people when they whisper.”
“Continuous exposure in light aircraft where the engines are in close proximity to
the pilots.”
“Amount of time spent in Airplane. Even with Headset.”
“I've noticed no change after I fly. I also accumulate earwax more than most
people.”
“Feels worse right after a long flight. But I think it comes back.”
“Been flying since 2002. Haven't experienced any symptoms.”
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“Have not noticed. Think this study is a good idea.”

Pre-flight Questionnaire Question 11 Responses:
“Other, ANR Headset.”
“Noise cancelling headset.”
“Clarity aloft.”
“Clarity aloft.”
“Bose Noise Cancelling.”
“Noise Cancelling Headset.”
“Active Noise Reduction Headset.”

Pre-flight Questionnaire Question 15 Responses:
“Social Environments.”
“Movie theater, Home theater, car stereo, EMS radio, John Deere, Diesel
ambulance.”
“Loud music while I'm out.”
“Concerts, NASCAR races.”
“Daytona races, bars, concerts.”
“Target shooting (with protection).”
“Lawn Mower etc.”
“Occasional race spectator.”
“Bars/Clubs.”
“Concerts, clubs, music in car.”
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“Concerts a couple time a year.”
“Bars.”
“Concerts, club and bar. Also mowed lawn weekly for about 9 years.”
“Bars.”
“NASCAR.”
“Parties, bars.”
“Concerts.”
“Bars, Night Clubs, 2-3 times a week.”
“Live Music.”
“Motorcycles, people driving by with loud music, jet aircraft t/o & land.”

Post-flight Questionnaire Question 4 Responses:
“Traffic patterns, short field t/o landing, soft field t/o landing, forward slip, turns
around a point, steep turns.”
“Eights on Pylons, Soft Field Takeoff and Landing, Short field approach and
landing, soft field approach and landing, non-precision instrument approach.”
“Landings.”
“Stalls, slow flight.”
“Ground reference, landings.”
“Landings.”
“Patterns.”
“Cross-country procedures, level cruise at 2500 rpm.”
“Cross country with 2 landings.”
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“Instrument Approaches.”
“Lazy eights, chandelles, steep spiral, eights on pylons.”
“All commercial maneuvers.”
“Steep turns, 8 on pylons, chandelles.”
“Stalls, slow flight, emergency landings, traffic patterns.”
“Slow flight, power on and off stall, 1 takeoff/landing.”
“Normal Landings.”
“Stalls, slow flight, sim emergency approach and landing
Four fundamentals, turns, climbs, descent, straight and level.”
“Landings.”
“Turns, climbs, descents.”
“Traffic pattern, normal, short, soft field landings.”
“Lazy 8's, unusual attitudes, soft fields.”
“Landings.”
“Fundamentals, climbs, turns, descents.”
“Soft/short field landings.”
“Normal landings, slow flight, stalls.”
“Steep turns, ground ref (turns around a point, s-turns).”
“Lazy 8's, steep spirals (4600 ft), steep turns.”
“T/O and landings.”
“Pattern work.”
“Landings.”
“Steep turns, stalls, slow flight, four fundamentals.”
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“Short/soft field landings/ t/o's.”
“Chandelles, lazy eights, steep spiral, landings.”
“Chandelles, lazy eights, steep turns, steep spiral, rnav 16 circle.”
“Short and soft field landings, lazy 8, steep spiral.”
“Takeoff and landings.”
“Pattern work, soft field landings, go-around.”
“Slow flight, stalls, emergency approach, landings.”
“Climbs/descents.”
“BAI, unusual flight attitudes, T/O and Landings.”
“Unusual attitudes.”
“XC Short/ Soft Field Dep/Landings.”
“Commercial Maneuvers, slow flight and stalls.”
“XC/ Approach.”
“XC, Normal Maneuvers.”
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Photographs of Apparatus and Materials
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Tremetrics Audiometric Test Booth (Model: AR-901)

Flightcom 4DX Headsets
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Maico Audiometer (Model: MA728)

Quest-Technologies NoisePro Dosimeter (Model Q-300) with Calibrator

Flightcom 4DX Headset Configured with Microphone for Noise Sampling
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Quest-Technologies Sound-level Meter (Model: 2900)

Quest-Technologies Calibrators for Dosimeter and Sound-level Meter

